The aim of this study was to evaluate the diagnostic efficacy of the cone beam computed tomography (CBCT) -based mandibular indices and the CBCT mandibular bone density values and to determine whether they correlate with bone mineral density (BMD) of the lumbar spine (L 1 -L 4 ) and proximal left femur in patients with osteoporosis and diabetes mellitus, which were taken a treatment with strontium ranelate over a period of 6 months. The study included 20 osteoporosis patients and 40 diabetic patients (16 patients -type 1 diabetes mellitus and 24 patients -type 2 diabetes mellitus). In CBCT images, the radiomorphometric indices were measured in the right and left mandibles. The relationship between the CBCT measurements of the mandible and skeletal BMD was assessed. The present study showed that mandibular bone quality is closely correlated with the skeletal status of the patients with osteoporosis and diabetes mellitus which were in treatment with strontium ranelate for bone improving.
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Keywords: cone beam computed tomography; dual energy X-ray absorptiometry; mandible; diabetes mellitus, osteoporosis; strontium ranelate Ageing accompanied by various diseases represents one major problem of our century, causing a need to study the factors that help to prevent this. One of these problems is the diabetes mellitus which is a metabolic pandemic disease accompanied by substantial morbidity and mortality.
Patients with diabetes mellitus present various skeletal disorders such as osteopenia, osteoporosis, increased fracture risk, poor osseous healing characteristics and impaired bone regeneration potential [1 -4] . The mineral composition of bone in patients affected by diabetes can be mainly due to direct effects of insulin deficiency and high blood sugar concentration on bone tissue [5, 6] .
Osteoporosis is one of the most important metabolic bone disorders in patients with diabetes mellitus causing a reduction in the bone mineral density [7] . There are still controversies about the values of bone mineral density and the risk of osteoporosis in patients with diabetes mellitus. Most studies have reported low bone mineral density in patients with type 1 diabetes mellitus [8 -11] . On the other hand, studies have demonstrated the presence of lower values, [12] similar [13] or greater [14] in patients with type 2 diabetes mellitus.
In oral implantology, healthy bones with a normal regenerative capacity are essential for a successful outcome. The jaws may be affected by various drugs or systemic disease in terms of bone quality [15 -18] .
In the last decade, certain studies have showed a relationship between changes that may occur in the mandibular bone and skeletal BMD status [19] . One of the earliest suggestions for a link between osteoporosis and jaw bone resorption was observed since 1968 [20] .
Some authors have argued that there is a strong relationship between mandibular cortical thickness and systemic osteoporosis [21] .
It would be very useful to be able to identify the changes that occur in the mandible imaging investigation and we can guide a systemic evaluation and diagnosis of osteopenia or osteoporosis. Clinicians have pointed out that the imaging investigations allow to calculate the radiomorphometric indices and jaw bone density, which can be a criterion for the diagnosis of osteoporosis and to correlate to skeletal BMD [22] .
These radiomorphometric indices where represented by: superior and inferior mandibular index, mental index and mandibular cortical index were analyzed on panoramic radiographs [23 -25] . There are few studies that have used these indices on the CBCT images to evaluate the mandibular bone quality [26] . Until now, no studies have been conducted to compare the quality of the mandibular bone and the skeletal status in patients with diabetes mellitus.
The aim of this study was to evaluate the diagnostic efficacy of the CBCT -based mandibular indices and the CBCT mandibular bone density values and to determine whether they correlate with bone mineral density (BMD) of the lumbar spine (L1 -L4) and proximal left femur in patients with osteoporosis and diabetes mellitus which were taken a treatment with strontium ranelate over a period of 6 months.
Experimental part Participant selection
The study was conducted in the Department of Oral and Maxillofacial Radiology, Gr. T. Popa University of Medicine and Pharmacy Iasi, Romania. The study was approved by the Ethics Committee of our University.
The study included 20 osteoporotic patients and 40 diabetic patients (16 patients -type 1 diabetes mellitus and 24 patients -type 2 diabetes mellitus), which were taken a treatment with strontium ranelate 2g per day, over a period of 6 months. All of the diabetic patients were diagnosed before strating to take strontium ranelate with an osteoporotic status in differenrt regions of the skeleton system. Patients included in this study were selected from the Clinic of Diabetes, Nutrition and Metabolic Diseases, Emergency Hospital St. Spiridon, Iasi, Romania.
The inclusion criteria for the osteoporotic group were: men aged between 20 and 55 and different classes of mandible edentulous and other secondary causes of osteoporosis. Exclusion criteria were: diabetes mellitus and local conditions impacting the mandible.
The inclusion criteria for the diabetic group were: men aged between 20 and 55, suffering from diabetes and different classes of mandible edentulous. Exclusion criteria were: local conditions impacting the mandible and other secondary causes of osteoporosis except diabetes mellitus: endocrine, gastrointestinal disease, rheumatologic conditions, using various medications. Patients had signed informed consent before their inclusion in the study.
Evaluation of bone mineral density at the lumbar spine and proximal left femur
Bone mineral content (grams) and BMD (grams per centimeter squared) were measured with dual-energy Xray absorptiometry using Hologic Delphi W densitometer DEXA scan (Dual Energy X-ray Absoptiometry S / N 70490).
Regions of interest were proximal left femur and lumbar spine (L 1 -L 4 ). Proximal left femur and lumbar spine BMD was also expressed as a Z score and T score. The Z score is a standard deviation (SD) from the weight-adjusted average BMD for each age. A patient's BMD was given as a T -score, which is derived by comparing it to an average score for a healthy 30 year old of the same sex and race. The difference between the normal young score and the patient's scire is reffered to as a SD. Using DEXA scan, osteoporosis was defined by a T score of ≤ -2.5, osteopenia as T score between 1 and 2.5, and normal BMD T score > -1.
CBCT examination of the mandible
The equipment used was Planmeca Promax 3D Mid CBCT (Planmeca OY, Helsinki, Finland). Scanning was performed by selecting a field of view of 40 x 40 mm and following exposure parameters: 90 kV, 12 mA, 13.8 seconds and 0.4 x 0, 4x 0, 4 mm voxel size. Initial and final reconstructions were performed by software Romexis 3.0.1 (Planmeca OY, Helsinki, Finland). To achieve sagittal sections and panoramic CBCT reconstructions were established with a thickness of 1 mm and at a distance of 1 mm.
CBCT measurements
The radiomorphometric indices, according to the classification of Ledgerton on panoramic images, which have been adapted on CBCT images were used in the present study.
The following indices were measured on CBCT images: -CBCTI (S): cone beam computed tomography mandibular index (superior), which represents the ratio of the inferior cortical width to the distance from the superior margin of the mental foramen chin to the inferior border of the mandible ( fig.1 ).
-CBCTI (I): cone beam computed tomography mandibular index (inferior), which represents the ratio of the inferior cortical width to the distance from the inferior margin of the mental foramen chin to the inferior border of the mandible ( fig.1 ).
-CBCTMI: cone beam computed tomography mental index, which represents the inferior cortical width of the mandible ( fig.1 ).
-CBCTCMI: cone beam computed tomography mandibular cortical index, which represents the type of the inferior mandibular cortical bone. The types of the of the inferior mandibular cortical bone were classified as follows:
Type 1: the cortical endosteal margin appears even and regular ( fig. 2 
.A)
Type 2: the endosteal margin shows semilunar defects or 1 to 2 layers of cortical endosteal residues ( fig.2 
.B)
Type 3: the cortical layer has numerous (>3) endosteal residues and is clearly porous ( fig.2 
.C)
In addition, we calculated the bone mineral density for cortical and cancellous bone of the mandible for each region of the interest. These measurements were performed on panoramic and sagittal reconstructions resulting from CBCT examination ( fig.3 ). All measurements C Fig. 2 . The types of the inferior mandibular cortex are subjectively classified as follows:
A. Type 1: the cortical endosteal margin appears even and regular. B. Type 2: the endosteal margin shows semilunar defects or 1 to 2 layers of cortical endosteal residues. C. Type 3: the cortical layer has numerous (>3) endosteal residues and is clearly porous. 
Statistical analysis
Data were analyzed with a statistical software package (SPSS version 20.0, SPSS Inc, Chicago , IL ). Statistical tests were used to measure differences in the quality of mandibular bone, lumbar spine (L 1 -L 4 ) and left proximal femur BMD between T 1 DM and T 2 DM groups.
The relationships between the CBCTI(S), CBCTI (I), CBCTCMI, and BMDs were assessed using a t-test. The CTMI was determined by linear regression analysis.
Results and discussions
The osteoporotic and diabetic groups did not differ significantly in regard to age, weight, height, years since diabetes onset and endetulous region of the mandible. Clinical characteristics of all patients are presente in Table  1 . Following the evaluation of skeletal status in the lumbar spine (L 1 -L 4 ) and proximal left femur, osteoporotic and diabetic patients were distributed as can be seen in Table  2 .
The evaluation of BMD values based on the diabetes mellitus type indicated significantly lower BMD values at the lumbar spine (t = 9.815, p = 0.003326) in patients with type 1 diabetes ( Table 3 ). The BMD mean values of the proximal left femur for the osteoporotic, type 1 and 2 diabetic groups are presented in Table 4 . There was statistically significant difference between BMD values of the left proximal femur in the type 1 and 2 diabetic groups.
The analysis showed that in type 2 diabetes patients, the cortical bone density values are significantly higher (t = 4.38, p = 0.0430, 95% CI) compared with type 1 diabetes patients but not higher than the osteoporotic group (Table  5 ). In case of the cancellous bone density, the analysis showed no statistically significant difference between the diabetic groups (t = 3.607, p = 0.065, 95% CI) ( Table 5 ). Since the distribution of values is not normal in this case, the results of the analysis took into account the Kruskal-Wallis test, which is specific to these types of data. The analysis of the relationship between lumbar spine BMD and cortical mandibular bone density in patients with diabetes showed a significant correlation (r = 0.63, p <0.01). Also, there is a significant correlation between lumbar spine BMD and cancellous bone density (r = 0.607, p <0.01).
If in case of BMD for the lumbar spine (L 1 -L 4 ) has been noticed a direct correlation with cortical and cancellous mandibular bone density values, the analysis of the BMD for the proximal left femur showed no significant correlation with cortical and cancellous mandibular bone density values (r = 0.17, p = 0.281 ).
All measurements of the CBCT indices were made on both, the left and right side of the mandible. Both the inferior -right mandibular index (t = 0.0018, p = 0.892) and inferior -left mandibular index (t = 0.323, p = 0.5729) presents no significant differences of the values in patients with type 1 diabetes compared with those with type 2 diabetes ( Table  6 ). Study of the superior -right and left mandibular index values showed no significant differences by the type of diabetes ( Table 6 ).
Analysis of the right mental index showed significant higher values (t = 6.67, p = 0.013) in patients with type 2 diabetes compared with type 1 diabetes patients (Table  6 ). Also, the left mental index values are significantly (t = 6.95, p = 0.0121, 95% CI) higher in patients with type 2 diabetes (1.8 ± 1.13 SD) compared with with type 1 diabetes patients ( Table 6 ).
The study of the association between mandibular cortical index and the type of diabetes mellitus showed the presence of significant correlations (Table 7) . T 1 DM patients presented the highest percent of type 3 mandibular cortical index, while T 2 DM patients showed the smallest percent (r = -0.298, ÷2 = 8.46, p = 0.0145, 95% CI).
The analysis of the relationship between lumbar spine BMD and CBCT indices in patients with diabetes showed a significant correlation (Table 8) . CBCTCMI values showed a significant association with the lumbar spine BMD values (t = 14.93, p = 0.00002).
The study demonstrated that none of the CBCT mandibular indices showed no significant correlation with proximal left femur BMD, but the right and left mental index showed a significant correlation with the proximal left femur BMD (Table 8) .
Diabetes mellitus has been consistently associated with deficient metabolism of the skeletal tissue. Diabetes mellitus and osteoporosis are two frequent medical conditions with an increasing prevalence in the aging population. There are few studies evaluating the relationship between diabetes and mandibular bone quality [27] . Studies are mostly focused on bone implant problems in diabetic patients [28] . The aim of the present study was to assess the mandibular bone quality in a diabetic patient population, because mandibular bone quality gains special importance in some dental procedures such as osseointegrated implants, grafting or periodontal diseases.
Skeleton bones differ in terms of anatomical structure with a different distribution of trabecular and cortical bone. Trabecular bone has a greater surface area and responds quicker to metabolic changes than cortical bone [29] .
The use of CBCT in preoperative bone measurements will help provide the clinician with a prognostic indicator that will provides valuable information about the quality of bone.
Diagnosis of diabetic osteoporosis in the jaws requires the development of a set of value ranges corresponding to the method used. Therefore, the present study provides useful data regarding bone quality in a diabetic study population. This study examined the potential use of the mandibular radiomorphometric indices on CBCT images in diagnosis of osteoporosis in diabetic patients. The results of the present study on the CBCT images showed that the CBCTI(S) and CBCTI (I) was not significantly different between the type 1 and type 2 diabetic groups (p>0.05). On the other hand, the CBCTMI was significantly different between the diabetic groups (p<0.05).
In the present study, DEXA method was used as the gold standard for the BMD measurements in the lumbar and femoral neck. The results showed a lower BMD values at the lumbar spine in type 1 diabetic patients than in type 2 diabetic patients and no significant difference of the BMD values of the left proximal femur between the type 1 and 2 diabetic groups.
Many studies, [30 -32] have examined the methods for detecting individuals with a low BMD at an early stage. Some investigators have investigated whether panoramic radiographs could play a role in the detection of individuals with osteoporosis [23, 33 -35] . A basic requirement for this would be that the bone mass in the jaw might be related to that of other skeletal sites in which osteoporosis was a significant problem.
In our study, there appears to be a correlation between mandibular bone density and the BMD of other skeletal sites. Our results on the CBCT images and DEXA investigations showed a significant correlation between mandibular bone density (cortical and cancellous bone) and BMD at the lumbar spine and no significant correlation with BMD for the proximal left femur.
Horner et al. [36] demonstrated that BMD measurements of the mandible showed a significant correlation with those of the lumbar vertebra and femoral neck. Taguchi et al. [31] reported the significant correlations between the mandibular BMD using QCT (quantitative computed tomography) and lumbar and femoral neck BMDs measured by DEXA.
Strontium ranelate is an antiosteoporotic agent that can improve guided bone regeneration [37] . The benefits of strontium ranelate have been reported in different animal models: prevents bone loss using two mechanisms, maintain bone formation at a high level and inhibit bone resorption [38] . These in vivo results are correlated with in vitro data where it is shown that strontium ranelate reduced bone resorption with the help of osteoclasts, and augmented bone formation with the help of osteoblasts [39] . Moreover, strontium ranelate can improve bone biochemical and structural properties [40] .
The limitations of this study included the small sample size. Further studies with a larger sample and examination of the relationship between CBCTI in patients with diabetes and BMDs are requested.
Conclusions
The CBCT technique offer sufficient radiographic information that helps oral surgeons to have a significant role in patient screening and early diagnosis of mandibular osteoporosis.
Also, this study suggests that mandibular bone quality is closely correlated with the skeletal status of the patients with osteoporosis diabetes mellitus who take a treatment with strontium ranelate.
Because the specific causes of low skeletal BMDs in diabetes mellitus are unknown, these patients should be evaluated for known determinants of osteoporosis and offered all appropiate measures to prevent and treat osteoporosis with the ultimate goal of preventing fractures. These data suggest that the antiosteoporotic agent, such as strontium ranelate might have the potential to improve bone structure and the process of bone regeneration as we can observed on the imaging examinations that was used in this study.
